The haemodynanic effects of Brown Snake (Pseudonaja) species (textilis, nuchalis, affinis) were investigated in anaesthetised, mechanically ventilated dogs. Blood pressure decreased to minimal levelsfive minutes after intravenous envenomation. Hypotension was accompanied by significant decrements in cardiac output and stroke volume and a rise in peripheral vascular resistance. Heart rate increased transiently during 0.5-2.0 minutes after envenomation but had declined below resting levels five minutes after envenomation. No statistically significant change was recorded in central venous pressure. Depression of myocardial con tractility is postulated as the mechanism of venom induced hypotension.
METHODS
The cardiovascular effects of envenomation were studied in eleven mongrel dogs (body weight 13-25 kg). The study was approved by the hospital ethics committee. Dessicated venom was supplied by the Australian Reptile Park, Gosford, N.S.W. The venoms were dissolved in 0.1 % bovine serum albumin in 0.85% saline. 7 Immediately before use, the venoms were thawed at 37°C. A peripheral venous catheter was inserted for induction of anaesthesia and administration of maintenance fluids (4% dextrose in N/5 saline) at 40-60 mllhr. Anaesthesia was induced with intravenous thiopentone (8-10 mg/kg) and maintained with a mixture of halothane, oxygen and air via an endotracheal tube. Mechanical ventilation with a tidal volume of 10 ml/kg was provided with a volume ventilator (CF Palmer, London). Central venous pressure was monitored by a catheter (lntracath, Deseret, Utah, U.S.A.) Anaesthesia and Intensil'e Care. VD!. 17. No. 4. NOI'ember. 1989 inserted into the right atrium via an external jugular or femoral vein. Arterial pressure was monitored in the abdominal aorta by a catheter (Intracath, Deseret, Utah, U.S.A.) introduced via the femoral artery. Additional catheters were inserted into the contra-lateral femoral artery and vein for the estimation of cardiac output by a dye dilution technique using indocyanine green and a COR-I00A Cardiac Output Recorder (Waters Instruments, Minnesota, U.S.A.). Peripheral and central (rectal) temperatures were recorded. A continuous electrocardiograph was displayed and recorded with a Cardiovit CS-6 12 lead ECG Recorder (Schiller AG, Switzerland). Cardiovascular pressures were displayed on Electronics-for-Medicine monitors and recorded with a Curken Paper Recorder (Danbury, Connecticut, U.S.A.).
After induction of anaesthesia and insertion of monitoring devices, 10 ml of 0.1 % bovine serum albumin in 0.85% saline were infused over several minutes in three dogs. Ten minutes later, venom from Pseudonaja textilis (Common or Eastern Brown Snake) was infused at either 0.5, 2.5 or 5.0 ~g!kg over periods of two minutes. Six other dogs received venom at 1 0 ~g!kg over similar periods; four of these received venom from Pseudonaja textilis one received venom from Pseudonaja affinis (Dugite) and one received venom from Pseudonaja nuchalis (Gwardar or Western Brown Snake).
Mean arterial blood pressure, central venous pressure, heart rate and cardiac output were recorded before envenomation (preenvenomation) and at intervals after envenomation. The statistical significance of haemodynamic values at five and at forty minutes after envenomation compared with pre-envenomation values, in five of the dogs recei ving 1 0 ~g!kg of venom, was determined using repeated measured analysis of variance. The percentage change in the haemodynamic values five minutes after envenomation compared with pre-envenomation values was also calculated for this group.
Two additional dogs were envenomated with the venom of Acanthopis antarcticus (Death Adder) at 1 0 ~g!kg. One hour later, one of these dogs received the venom of Pseudonaja textilis at 1 0 ~g!kg.
RESULTS

Depression of haemodynamic indices was
observed in all dogs. In the six dogs infused with the venom of Pseudonaja species at 10 ~g!kg, heart rate commenced to increase and blood pressure commenced to decrease during the two-minute infusion of venom. The maximum increase in heart rate (21.6 ± 16.0%) occurred at 0.5-3.0 minutes after the commencement of venom infusion but thereafter declined. The nadir of hypotension occurred at five minutes after commencement of venom infusion in five of the six dogs. Subsequently, the blood pressure recovered to attain near pre-envenomation levels at 20-40 minutes after the commencement of venom infusion. However, one of the six dogs which had received 1 0 ~g!kg of Pseudonaja textilis venom had progressive hypotension and died at eleven minutes after envenomation. Five minutes after the commencement of envenomation, the average percentage decrements in haemodynamic indices of the five surviving dogs were: heart rate 4.4 ± 7.3%; blood pressure 54.4 ± 10.9%; cardiac output 83.3 ±14.6%; stroke volume 82.9 ± 14.2%. The peripheral vascular resistance increased 103.7 ± 55.6%. The absolute preenvenomation and post-envenomation values at five minutes and at forty minutes for heart rate, blood pressure, central venous pressure, cardiac output and stroke volume are presented in Table I . There were statistically significant falls in blood pressure, cardiac output and stroke volume (P<O.OI) and an increase in peripheral vascular resistance (P<0.05) five minutes after envenomation. The changes in blood pressure and heart rate (5) 2.8 ± 2.9 (5) 133±48(4) 1.00 ± 0.30 (4) 76.2 ± 28.7 (4) *Significant difference (P < 0.01) between pre-and post-envenomation. **Significant difference (P < 0.05) between pre-and post-envenomation. from envenomation to recovery plotted at 2.5 minute intervals are illustrated in Figures 1  and 2 .
Similar but less pronounced changes in haemodynamic indices were observed in three dogs envenomated with small doses (0.5, 2.5, 5.0 Jlglkg) of Pseudonaja textilis venom. These were characterised by an initial but transient increase in heart rate and therafter by decreases in heart rate, blood pressure and cardiac output until 5-10 minutes after envenomation when recovery commenced. Resting pre-envenomation values were attained at 20-45 minutes after envenomation. Administration of additional similar doses of venom to these dogs produced minor but similar depressive effects on heart rate and blood pressure. No change in heart rate, blood pressure, central venous pressure or cardiac output was observed when two dogs were infused with the venom of Acanthopis Venom antarcticus. However, severe depression of all haemodynamic indices was observed in one of the dogs subsequently given 10 Jlglkg of Pseudonaja textilis venom.
The electrocardiographs in most dogs revealed elevation of the ST segment and T -wave inversion in dogs coincident with hypotension. The initial rise in heart rate soon after envenomation was due to sinus tachycardia. Occasionally, ventricular ectopic beats were observed, particularly during severe hypotension.
Arterial blood gas analysis uniformly revealed adequate mechanical ventilation and oxygenation with PaC02 in the range 30-35 mmHg and PaC02 150-350 mmHg before envenomation. No significant changes in oxygen saturation occurred with envenomation. No disturbances in serum sodium and potassium levels were observed. Neither central nor peripheral temperature altered significantly. A number of case reports 4 -6 of Brown Snake envenomation mention hypotension with rapid loss of consciousness in a syndrome also including headache, vomiting, dyspnoea, paresis and coagulopathy. The supine hypotensive syndrome of pregnancy and venom-induced hypotension probably caused the death of a pregnant woman. 8 Our experiments with invasively monitored dogs revealed that severe hypotension is a regular feature of Brown Snake envenomation. This was associated with an Anaesthesia and Intensive Care. Vol. 17. No. 4. November. 1989 initial but transient sinus tachycardia followed by a relative bradycardia, a severe fall in cardiac output and a reduction in stroke volume. Depression of atrial contractility by Pseudonaja textilis venom has been demonstrated in vitro. 9 We postulate that the hypotension and reduction in cardiac output is due to a reduction of myocardial contractility. Hypotension does not appear to be due to vasodilation as peripheral vascular resistance increased after envenomation. The transient elevations of the ST segment and T wave inversion on the ECG of several dogs suggest that direct myocardial depression or hypotension induced myocardial ischaemia may have occurred. Further studies with 2D-echocardiography may elucidate this matter.
It is unlikely that the observed cardiovascular depression could be attributed to an anaphylactoid reaction to snake venom since there was no evidence of bronchospasm and no oedema of pharyngeal mucosa. The likelihood of prior exposure to venom was extremely small.
In all of the envenomated dogs, blood pressure was severely depressed and spontaneously returned to near preenvenomation levels within forty minutes except in one dog which did not survive. This phenomenon of hypotension with spontaneous recovery may be the explanation of transient loss of consciousness in a case reportS in which a herpetologist was rendered unconscious for fifteen minutes after envenomation by a juvenile Pseudonaja nuchalis with subsequent recovery without treatment. An alternative explanation may have been an anaphylactic reaction to snake venom as he had been bitten many times by different snakes, including Pseudonaja species, in the course of his work. Three additional case reports 4 describe the onset of severe hypotension without paralysis after envenomation by Pseudonaja species. Intravenous anti-venom restored the blood pressure in these cases. The efficacy of antivenom in treating hypotension warrants further investigation.
It is recognised that the intravenous infusion of venom is 'unphysiological' in that the active components of whole venom gain Anaesthesia and lntensi.'e Care, Vo!. 17, No. 4, November, 1989 immediate access to the cardiovascular system. In contrast, during subcutaneous or intramuscular envenomation venom components are absorbed across membranes probably at varying rates. However, duplication of subcutaneous or intramuscular envenomation would be equally 'unphysiological' in the anaesthetised animal since it is believed that venoms may gain access to the blood circulation via the lymphatic system whose absorptive capability and flow might be limited during anaesthesia. It is likely that high human plasma venom levels are achieved quickly when multiple envenomation occurs, when an envenomed limb is exercised or when pressureimmobilisation bandages are removed without prior treatment with anti-venom.
